Abstract At the present time, an update to the classical microsurgical transoral decompression is strongly provided by the most recent literature dealing with the introduction of the endoscopy in spine surgery. In this paper, we present our experience on the endoscope-assisted microsurgical transoral approach to anterior craniovertebral junction (CVJ) compressive pathology. We analysed seven patients (3 paediatrics and 4 adults ranging from 6 to 78 years) operated on for CVJ decompressive procedures using an open access, microsurgical technique, neuronavigation and endoscopy. All techniques mentioned were simultaneously employed. Among the endoscopic routes described in the literature, we have preferred the transoral using 30°endo-scopes. In all the cases endoscopy allowed a radical decompression compared to the microsurgical technique alone, as confirmed intraoperatively with contrast medium fluoroscopy. In conclusion, endoscopy represents a useful complement to the standard microsurgical approach to the anterior CVJ; it provides information for a better decompression with no need for soft palate splitting, hard palate resection, or extended maxillotomy. Moreover, intraoperative fluoroscopy helps to recognize residual compression. Virtually, in normal anatomic conditions, no surgical limitations exist for endoscopically assisted transoral approach, compared with the pure endonasal and transcervical endoscopic approaches. In our opinion, the endoscope deserves a role as ''support'' to the standard transoral microsurgical approach since 30°angulated endoscopy significantly increases the surgical area exposed at the level of the anterior CVJ.
Introduction
In the modern armamentarium of surgical approaches for anterior craniovertebral junction (CVJ) compressive pathology, the transoral approach is gaining increasing acceptance because of a better knowledge of the biomechanics, the pre-and intra-operative dynamic procedures, and the diffusion of endoscopy and new instrumentation devices for this complex anatomic hinge. Neuronavigation and robotics open further perspectives to the future developments of this challenging surgery [1] .
The following factors have been claimed to influence the specific treatment of anterior CVJ compressions: (1) reducibility, i.e. whether anatomic alignment can be restored alleviating the compression, (2) direction and mechanics of the compression, (3) aetiology of the compression, and (4) presence of ossification centres [2] . The approach to the lesion is dictated by the location and nature of the compression [2] . When preoperative dynamic neuroradiological examinations demonstrate that the anterior CVJ compression is reducible, neural decompression may be obtained by simply reducing the dislocation and by stabilizing the CVJ with a posterior instrumentation, either with wires, claws or screws (''functional decompression'') [3, 4] . Conversely, when the anterior CVJ compression is irreducible, surgical removal of the compression is strongly suggested by the transoral route [5, 6] . Endoscope-assisted and ''pure'' endoscopic procedures for CVJ decompression have been developed as a result of the experience with the use of the endoscope in transsphenoidal pituitary surgery and approaches to the cervical spine. At the present time, an update to the classical microsurgical transoral decompression is strongly provided by the most recent literature dealing with the introduction of the endoscopy in spine surgery.
In this paper, we present our experience on the microsurgical endoscope-assisted transoral approach to anterior CVJ compressive pathology.
Materials and methods
In the last 4 years, among 30 patients ranging from 6 to 78 years and operated on for CVJ decompressive procedures, seven patients (3 paediatrics and 4 adults) were treated transorally using an open access, microsurgical technique (OPMI Ò Pentero Ò , Carl Zeiss), neuronavigation (Medtronic StealthStation Ò ) and endoscopy (Karl Störz) ( Table 1 ). All patients underwent magnetic resonance (MR), computerized tomography (CT) scan, and standard and dynamic X-ray evaluation of the CVJ.
The patients were intubated nasally with a fiberoptic system. One patient (#1) needed a tracheostomy because of a huge prevertebral extension of the lesion, which occupied the rinopharynx. In supine position, the head was placed in a three-point skull fixation system (Mayfield Ò headrest) and the neck slightly extended.
Surgical procedure
The tubercle of C1 was identified in all but one patient (who had a huge destructive tumour) with the aid of a neuronavigation system. Using conventional microsurgery, a midline longitudinal incision on the posterior pharyngeal wall was performed and the longus colli, longus capitis muscles were mobilized laterally and held in place with tooth-bladed lateral pharyngeal retractors (Crockard TM Transoral Instrument Set) to expose the inferior clivus, anterior arch of C1, and C2 vertebral body. The anterior arch of C1 and the odontoid process were removed using a high-speed drill and Ultrasonic Surgical Aspirator (Sonopet Ò Ultrasonic Aspirator). The transverse ligament, tectorial membrane, any residual ligaments, and tumoral tissue were removed decompressing the CVJ dura mater adequately. Contrast injection of Metrizamide into the epidural space and fluoroscopy as well as endoscopy served to verify and to complete decompression (Figs. 1, 2) . Then, a second fluoroscopy was performed. Closure was obtained by approximating the mucosal layers with 3-0 vicryl interrupted sutures. Prophylactic antibiotics were administered intraoperatively and postoperatively (Cefazoline 2 g/day). Patients fixed in Halo Vest were transferred to the Intensive Care Unit where they stayed usually for 48-72 h. A nasogastric tube was held for 1 week to allow healing of the pharyngeal wound.
After 2 weeks, all the patients but one (patient no. 6 had a previous internal fixation system) underwent a posterior screwed instrumentation operation. One week later, they were discharged with a soft collar. A complete postoperative radiological set (MR imaging, CT scan and X-ray assessment) was obtained before discharge and every 3 months up to the complete bone fusion assessment, which required not more than 6 months. X-rays every month checked the stability of the construct.
Results
All the patients harbouring preoperative neurological deficits improved after surgery (see Table 1 ).
The Metrizamide fluoroscopy ( Fig. 2 ) and 30°endo-scope allowed identifying and eliminating any residual compression not clearly visible using the microscope alone. In all cases a complete CVJ decompression and a good bone fusion was accomplished as demonstrated by postoperative X-rays, CT scan, and MR imaging (Figs. 3, 4, 5) .
No dysphagia, dysphonia, and nasal regurgitation of fluids were present at the latest follow up.
Discussion
The transoral approach to the posterior pharyngeal wall has been used for years to drain retropharyngeal abscesses, but only in the 1930s, such approach was used to treat spinal abnormalities [7] . In 1962, Fang and Ong [8] published the first series of patients with irreducible atlantoaxial abnormalities treated with transoral decompression. The high morbidity and mortality caused poor acceptance of this approach to treat CVJ abnormalities.
The microsurgical anterior approach to the CVJ, after being popularized by Crockard et al. [9] , has been widely described for decompression of irreducible extradural pathology. The shortest and most direct route to the anterior aspect of the CVJ is indeed represented by an anterior approach through the oral cavity. The use of the operating microscope, high-speed drill, self-retaining mouth retractors, flexible oral endotracheal tubes, intraoperative fluoroscopy, and electrophysiological monitoring has made this procedure much safer [10] . However, there are still technical difficulties with the operating microscope, as working through a narrow opening in a deep cavity. To improve visualization, splitting of the soft palate and even resection of the hard palate with extended maxillotomy are occasionally required. These procedures increase operating time and may result in significant postoperative morbidities such as velo-pharyngeal incompetence [11] . Menezes et al. [12] started his experience on transoraltranspalatine approach in 1977 and up to 2008 the number of microsurgical procedures were 732 (280 children). According to him, the anterior transoral-transpalatine approach has evolved into a safe, rapid, effective and direct approach to the anterior irreducible pathology of the CVJ with minimal morbidity and mortality. Recent attempts aiming to improve visualization with endoscopy are not shared by Menezes. In his opinion, intra-operative fluoroscopy or the use of ''Stealth technology'' has little value. Menezes concludes that the advantages of the transoral-transpalatine approach to the CVJ in irreducible pathology compared with other operative approaches are that: the impinging bony pathology and granulation tissue that accompanies chronic instability is easily accessible [2] , the patient is placed in the extended position as opposed to the flexed position, thus, decreasing the angulation on the brain stem during surgery, and surgery is performed through the avascular median raphe and through the clivus [12] .
In contrary to Menezes' experience, some papers claimed significant oropharyngeal morbidity from splitting the soft palate associated with the transoral approach. Jones reported that oropharyngeal complications occurred in 15.4% of patients who did not undergo splitting of the soft palate, as compared with 75% in the split soft palate group. The author concluded that this procedure should be discontinued where it is not absolutely necessary [13] .
Recently, increased diffusion in the use of the endoscope for transsphenoidal pituitary surgery led some studies to explore the possibility of applying the endoscopic approach in the surgical treatment of skull base lesions other than pituitary tumours.
Endoscopic-assisted procedures: endonasal
In recent years some papers have reported anatomical studies and surgical experience in the endoscopic endonasal approach to different areas of the midline skull base, from the olfactory groove to the CVJ [14] .
In 2002, Alfieri et al. [15] performed a cadaveric study on totally transnasal endoscopic odontoidectomy through one or two nostrils, following Jho's endonasal paraseptal technique. Rodlens endoscopes, 2.7 or 4 mm in diameter, 18 cm in length with 0°, 30°, and 70°lenses, were used. The surgical landmarks leading to the CVJ were the inferior margin of the middle turbinate, nasopharynx and the Eustachian tubes. The nasopharynx was readily identified following the inferior margin of the middle turbinate. The line drawn between the Eustachian tubes indicated the juncture between the clivus and atlas. The author concluded that ''… contrary to a conventional transoral approach, this endoscopic endonasal approach provides unlimited access to the midline clivus and a potential of carrying out surgical decompression at the ventral craniocervical junction without adding C1-2 instability'' [15] . Three years later, Cavallo et al. [16] confirmed such an observation on cadaveric study.
In 2005, Kassam et al. [17] operated on a 73-year old woman, affected by rheumatoid arthritis, resecting the odontoid with a transnasal endoscopic approach. Kassam recommended the following equipment: (1) navigation system, (2) a zero degree endoscope, (3) long angled endonasal drill, (4) ultrasonic aspirator, (5) bayoneted handheld microinstrumentation. On one side, this author recognized that ''the transoral approach remains the ''gold standard'' but ''… the transnasal endoscopic approach being above the level of soft palate should expose to a lower degree of bacterial contamination''.
In 2007, Messina et al. [14] concluded that the endoscopic endonasal approach, like that transoral, provides a direct route to the CVJ, but probably with less morbidity.
In 2009, Kassam et al. [18] published the concept of the ''Nasopalatine line'' (NPL) that is the line connecting the inferior margin of the nasal bone, anteriorly, and the border of the hard palate, posteriorly, in the midsagittal plane. The intersection of this line with the vertebral column indicates the inferior limit of the approach. Therefore, the maximal extent of inferior dissection with an endoscopic endonasal approach can be predicted with the NPL traced on the preoperative radiological study. In conclusion, this approach is recommended in selected cases as a valid alternative to the transoral microscopic approach to resect the odontoid process of C2 and should be performed by surgeons very skilled in endoscopic endonasal surgery and in endoscopic cadaver-dissections [14, 17] .
Endoscopic-assisted procedures: transcervical
In 2007, Wolinsky et al. [19, 20] described the endoscopic transcervical approach to the anterior CVJ as an alternative to the transpharyngeal approaches to avoid risks like contamination with oral flora and infection, poor pharyngeal healing, and meningitis if the dura is transgressed. Moreover, the transcervical exposure is familiar to neurosurgeons, its trajectory allows treatment of deep-seated basilar invaginations, and the postoperative time of recovery is shorter. Patients are able to ingest food orally soon after surgery. Using this approach, the anterior arch of C1 can be spared but the removal of the odontoid process of C2 results too oblique and partial. To gain access to the lower clivus, the anterior arch of C1 has to be removed but the angle of attack makes this portion of dissection very difficult or impossible.
In our opinion, in cases of impressio basilaris or other high pathologies this approach could be uncomfortable and challenging.
Endoscopic-assisted procedures: transoral
The 30°endoscope has been proposed for transoral approach to avoid splitting of the soft palate or further extensions, i.e. splitting of the hard palate and extended maxilla-mandibulotomy [21] . Using the endoscope, the operator is able to look in all directions with superior illumination reaching, abnormalities as high as the midclivus.
In a cadaveric study, the surgical volume gained by this approach was quantified. The surgical area exposed over the posterior pharyngeal wall is significantly improved using the endoscope (606.5 ± 127.4 mm 3 ) compared with the operating microscope (425.7 ± 100.8 mm 3 ), without any compromise of surgical freedom (P \ 0.05). The extent of the clivus exposed is significantly improved with the endoscope (9.5 ± 0.7 mm) compared with the operating microscope (2.0 ± 0.4 mm) (P \ 0.05) [20] . Then, it was well demonstrated that with an angled-lens endoscope is possible to approach the anterior CVJ transorally, improving also the exposure of the clivus, without splitting the soft palate and without compromise of surgical freedom.
Tubular retractor-assisted microsurgical retropharyngeal approach
Beside the classic transoral approach, the use of an alternative anterior extraoral approach in upper cervical surgery has been strongly advocated to avoid the previous described complications. A minimally invasive window below the hypoglossal and the superior laryngeal nerves has been proposed for the use of tubular retractor system (Metrx) along with the microscope. Better proximal exposure has also made possible by angling an end-beveled tubular retractor on the mandible without undue compression on the hypoglossal and superior laryngeal nerves, the marginal mandibular branch of the facial nerve and the submandibular gland [22] . Although only cadaveric study is available in the indexed literature, only anecdotal reports are available in clinical practice so far.
Image guidance
Image guidance is a useful tool to visually reconstruct the magnified three-dimensional anatomy imaging allowing inspection of the anatomic images in multiple reconstructed views permitting a better orientation during the surgical procedure [23] . Although the error associated with spinal shift is not completely eliminated, the calculated accuracy is less than 1 mm [24] .
As far as we know, the present paper is the first and only paper on the simultaneous use of all the techniques mentioned, i.e. endoscope, microscope, neuronavigation. Obviously, a longer follow-up does not exist so far.
It is apparently surprising the fact that there is not a single adverse effect in such virtually high risk surgery. In our opinion, two possible explanations can be claimed. The first is the association of all the facilities mentioned, aimed at reducing the adverse effect described for transoral surgery; the second is the small number of cases reported and the consequent dilution of the percentage of complication, including the 15% morbidity related to the midline incision of the pharynx [13] .
Conclusions
The progressive worldwide blooming of transoral procedures, thanks to the intensive care and the intraoperative neurophysiological monitoring techniques improvements, are spreading the expertise of this surgery to a new population of surgeons. New trends in technology drive from the ''classic'' microneurosurgeons to a new generation of young spine surgeons more committed to video-assisted and endoscopic procedures.
Though the pure endonasal and cervical endoscopic approach to the anterior CVJ deserve consideration, some limiting factors exist: (1) the learning curve, (2) the lack of three-dimensional perception of the surgical field. The 2.7-mm endoscopes provide better manoeuvrability but worse image quality than standard 4-mm endoscopes, (3) a limited working channel, according to the variability of the nasopalatine line, can render difficult the removal of huge tumours as in case #1 (Fig. 4) .
Among the endoscopic routes, we have preferred the transoral one using 30°endoscopes. Endoscopy represents a useful complement to the standard microsurgical approach to the anterior CVJ; it provides information for a better decompression with no need for soft palate splitting, hard palate resection, or extended maxillotomy. Intraoperative fluoroscopy helps to recognize residual compression. Virtually, in normal anatomic conditions, no surgical limitations exist for endoscopically assisted transoral approach, compared with the pure endonasal and transcervical endoscopic approaches.
So far, the endoscope deserves an interesting role as ''support'' to the standard transoral microsurgical approach since 30°angulated endoscopy strongly increase the surgical area exposed over the posterior pharyngeal wall and the extent of the clivus.
In conclusion, transoral video-assisted microsurgical approach remains the gold standard compared to the ''pure'' transnasal and transcervical approaches. Further experience is required with greater numbers of patients and long-term follow-up to further validate this technique.
Image guidance systems allow a correct and safe surgical procedure. However, contrast medium fluoroscopy ''per se'' represents an ''ever green'' old fashion image guidance system still effective.
